Background: Prostate cancer mortality is higher among black American men than among white American men. We investigated whether racial disparities in outcomes of clinically localized prostate cancer vary by treatment (surgery, radiation therapy, or nonaggressive treatment). Methods: Merged Surveillance, Epidemiology, and End Results Program (SEER) and Medicare files provided data (on treatment modality, age, race, cancer stage, tumor grade, census tract socioeconomic status, and date of death) on 5747 black and 38 242 white patients diagnosed at age 65-84 years with clinically localized prostate cancer between 1986 and 1996 in five SEER sites. Patients were followed through 1998. Racial differences in survival outcomes were assessed using Kaplan-Meier survival curves and Cox regression models. Results: The median survival time for black patients was 1.7 years (95% confidence interval [CI] ‫؍‬ 1.6 to 1.9 years) less than that for white patients. Median survival in black patients relative to white patients was 1.8 years (95% CI ‫؍‬ 1.5 to 2.0 years) less among those who had surgery, 0.7 years (95% CI ‫؍‬ 0.5 to 1.0 years) less among those who had radiation therapy, and 1.0 years (95% CI ‫؍‬ 0.7 to 1.1 years) less among those who had nonaggressive treatment. Racial disparities were evident both in overall survival and in prostate cancerspecific survival, before and after statistical adjustment for covariates. Conclusions: Black patients' poorer overall survival from localized prostate cancer varies by initial treatment, with the survival gap being largest among patients undergoing surgery. Investigating these treatment-specific differences may clarify the mechanisms underlying worse outcomes for black patients in the health care system. [J Natl Cancer Inst 2003;95:1702-10]
ethnic groups in the United States and are about twice as high as rates for white American men (1, 2) . Because of the lengthy natural history of this disease, research on disparities in prostate cancer outcomes has focused on advanced cancer patients, in whom outcomes can be assessed relatively quickly. Blacks have a higher risk of presenting with advanced prostate cancer than whites and, when diagnosed with late-stage disease, have a worse prognosis (3, 4) .
Approximately 75% of the estimated 189 100 prostate cancers diagnosed in the United States in 2002 will be clinically localized at the time of diagnosis (5, 6) , and any disparities in outcomes among such patients are therefore of great interest. Although several studies of localized prostate cancer that were based in health care systems with and without financial barriers to treatment found no differences in survival between black and white patients (7) (8) (9) (10) (11) (12) , other studies have found poorer survival among black patients (13, 14) .
Delays in diagnosis and treatment may contribute to poorer outcomes for black American patients, but treatment-specific factors may also play a role. One study found that use of radical prostatectomy is lower in blacks than in whites (15) , although the disparity may be declining (16) . We extended these studies by investigating whether racial disparities in prostate cancer survival vary by treatment among Medicare patients with clinically localized prostate cancer.
PATIENTS AND METHODS

Data Sources
Surveillance, Epidemiology, and End Results (SEER) 1 tumor registry data linked with Medicare health care claims were used to identify prostate cancer patients, to determine their initial treatment, and to follow them for outcomes over time. SEERMedicare files are a collaborative effort between the SEER program of the National Cancer Institute (NCI) and the Medicare program, run by the Centers for Medicare & Medicaid Services (17) . Briefly, the SEER program uses population-based registries to collect demographic, diagnostic, and initial treatment data on all cancer cases in selected geographic regions. Data from Medicare, which provides health insurance coverage for 97% of Americans aged 65 years and older, include health service claims for care provided by physicians, inpatient hospital stays, hospital outpatient clinics, home health care agencies, skilled nursing facilities, and hospice programs. SEER-Medicare linked files create an opportunity to examine care provided to cancer patients throughout the course of their disease. Because claims for noncancer health care are included in Medicare data, SEER-Medicare linked files also provide information about other diseases and conditions present in the study population that might influence the relationship between race and survival following a diagnosis of prostate cancer. The research was approved by the University of North Carolina School of Medicine Institutional Review Board.
Study Population
Prostate cancer patients (SEER code 54 and ICD-O-3 code C61.9) (18) diagnosed from January 1, 1986, through December 31, 1996 , from five geographic regions were eligible for the study. The five SEER regions used in this study (Atlanta, Connecticut, Detroit, San Francisco, and Seattle) were selected because they provided a substantial number of black patients for analyses and included data collected since 1986. Patients were eligible for the study if they were enrolled in Medicare Part A or Part B for at least 1 month of the study period. We identified 104 537 patients for potential inclusion. Patients were excluded from the study for the following reasons: prior cancers (n ϭ 11 353); second cancer diagnosed in the same month (n ϭ 665); noninvasive tumors (carcinoma in situ) (n ϭ 3386); no month of diagnosis present (n ϭ 720); aged less than 65 years at diagnosis (n ϭ 14 989); neither black nor nonHispanic white (n ϭ 4428); diagnosed at death (n ϭ 814); no Medicare coverage during the study period (n ϭ 40); and aged 85 years or older at diagnosis (n ϭ 2150). A total of 65 992 black and white Medicare-enrolled prostate cancer patients thus remained, of whom 22 003 were staged with locally advanced or metastatic disease or were unstaged. We calculated the survival of the remaining 43 989 black and white Medicare-enrolled prostate cancer patients with American Joint Commission on Cancer (AJCC) stage 1 or 2 (19) or, when AJCC staging was missing, SEER historic stage code 1.
Definitions
SEER staging information is based on clinical information, except for surgery patients, for whom staging information may be updated with pathologic findings from surgery. This situation creates a potential misclassification bias (20) because surgery patients who are initially staged as having clinically localized prostate cancer but reclassified to a more advanced stage based on pathologic findings are categorized in SEER data neither as prostatectomy patients nor as having clinically localized disease, a phenomenon that does not occur among patients treated with radiation and patients treated nonaggressively (i.e., without surgery or radiation therapy). To minimize the impact of this potential misclassification, we considered all prostate cancer patients undergoing surgical procedures as having clinically localized disease, because surgery is typically not indicated for clinically advanced prostate cancer (21, 22) .
Treatment modalities were identified through examinations of SEER data and Medicare claims covering the first 4 months after diagnosis because this time frame corresponds to a standard interval during which patients undergo treatment after a diagnosis of prostate cancer. Widening the treatment window to 12 months would have increased the number of subjects by less than 3%. For this study, surgery was defined as procedures performed with curative intent or in anticipation of a subsequent curative procedure. The surgery category included radical prostatectomy, procedures performed on regional lymph nodes, and additional radiation therapy, which almost invariably follows incomplete or unsuccessful surgery. Radiation therapy was defined as external beam therapy, brachytherapy, or isotope radiation therapy as listed in SEER, or by outpatient codes indicating radiation therapy. SEER and Medicare data agreement on radiation therapy ascertainment is 93% (23) . Patients who underwent both surgery and radiation therapy were classified as surgery patients.
Race was classified by using data from both SEER and Medicare sources. Patients coded as black in either data file (96% agreement) were classified as black. Patients with a race code of white without a classification of black or Hispanic in either file (98% agreement) were classified as white.
Data on the presence of other health conditions were obtained using inpatient claims for the year prior to diagnosis. With the Charlson index (24) as a guide, and following the approach outlined by Deyo et al. (25) and Klabunde et al. (26) , we calculated a comorbidity score by using hospital discharge diagnoses contained in the Medicare claims. Because of the comorbidity scores' dependence on a hospital claim during the prior year, scores could be calculated only for those Medicare patients covered under a fee-for-service arrangement and those who were hospitalized during the prior year (n ϭ 17 659). To examine the effect of adjusting for patient comorbidities, we compared adjusted and unadjusted analyses on the subset of patients for whom a comorbidity score was available. The validity of the comorbidity score was assessed on the subset of patients who had comorbidity information. In this subset, the hazard ratio for race was essentially the same whether or not the model included the comorbidity score. This finding suggests that the lack of effect seen with comorbidity as part of the adjusted Cox regression model was due not to the relatively small number of subjects with comorbidity information but to the lack of substantial cormorbidity differences between black and white patients with comorbidity information.
Date of death was available in both SEER and Medicare files. Medicare dates of death provided the longest follow-up (through December 31, 1998) and were used for analyses of overall survival. Because only SEER data provide the cause of death, SEER death dates (through December 31, 1996) were used for analyses of prostate cancer-specific survival. Survival was measured in months from the date of diagnosis to the end of the study period or death.
Although no individual measures of socioeconomic status were available, the SEER data included a number of measures linked to the census tract of the patient. We therefore accounted for socioeconomic status by controlling for race-and agespecific median household income in the census tract and by including a binary variable indicating whether the race-specific percentage of those in the tract with less than a high school education was below 25%.
Endpoints
We evaluated three survival endpoints: overall survival, nonprostate cancer-specific survival, and prostate cancer-specific survival. Whereas the latter is the specific objective of prostate cancer treatment, issues in classification of cause of death may distort comparisons of prostate cancer-specific survival (27, 28) . Moreover, overall survival is relevant because selection of patients for prostatectomy involves anticipated life expectancy. Therefore, we emphasize overall survival in this article.
Statistical Methods
Treatment outcomes by race for patients with clinically localized prostate cancer cases in the five SEER sites were assessed using Kaplan-Meier survival curves (29) and Cox regression models. The mean covariate method was used to obtain covariate-adjusted survival curves for the entire cohort and for the sub-analysis of the surgery patients. This method uses means of covariates for each stratum (black or white) to estimate survival estimates using Cox regression models (30) . Survival curves were used to describe the overall racial comparisons within treatment groups and prostate-specific antigen (PSA) testing eras (i.e., 1986 -1988, the pre-PSA period; 1989 -1991, the early PSA period; 1992-1996, the recent PSA period). Survival curves were examined with all-cause, non-prostate cancer-specific, and prostate cancer-specific survival as endpoints. Log-rank tests were used to analyze the differences between the survival curves. Cox regression models were used to assess the effect on survival of various covariates, including SEER site, census tract education and income level, age at diagnosis, PSA testing era, tumor grade, race (black/white), treatment (surgery, with and without radiation; radiation alone; and nonaggressive therapy), and comorbidity score. Models fit for surgery patients included pathologic stage as well (and did not include a treatment variable). All statistical tests were two-sided, with ␣ ϭ .05. Early analyses indicated interactions between age, race, and treatment but only when men aged 85 years or older were included. To better quantify the possible racial differences in the presence of these interactions, the analyses in this article were restricted to men aged 65-84 years, avoiding the inconsistencies seen in the older populations. We also conducted analyses stratified by treatment to further account for any residual interactions between treatment, race, and age. Among patients younger than 85 years, the interaction term race*age was not statistically significant for patients within each treatment category. The proportional hazards assumption for our Cox regression models was visually evaluated by inspecting log(-log[survival])*log (time) plots. In addition, we evaluated time-varying covariates (i.e., introducing a covariate*time interaction term into the model) for all covariates in the model. We stratified by treatment in an attempt to satisfy the proportional hazards assumptions for radiation and surgery and examined the effect of including the remaining time-varying covariates in the model on the outcome of interest. We considered the results in the context of the robustness of the Cox regression model before proceeding with the analyses.
RESULTS
Characteristics of the Study Population
Our study population was the 43 989 Medicare beneficiaries aged 65-84 years who were diagnosed with clinically localized prostate cancer from 1986 through 1996 in five SEER areas ( Table 1 ). The 38 242 white patients (87%) differed substantially from the 5747 (13%) black patients across most sociodemographic characteristics. Black patients were more likely to be aged 65-69 years (37% versus 34%) and less likely to be married (60% versus 77%). Black patients were far more likely to live in a census tract with more than 25% of residents having less than a high school education (70% versus 16%) or one with a household income below $23 000 (54% versus 20%). Black patients were less likely to have undergone surgery as their primary prostate cancer treatment (24% versus 33%) and were more likely to have had nonaggressive treatment (38% versus 27%). Among patients undergoing surgery, rates of pathologically localized prostate cancer did not differ between black patients (50%) and white patients (50%), although cancers of black patients were unstaged more frequently than those of whites (9% versus 6%).
Survival Estimates
Survival after a prostate cancer diagnosis, as represented by survival curves for overall survival, prostate cancer-specific survival, and non-prostate cancer-specific survival, was statistically significantly longer for whites than for blacks (Fig. 1) . When patients were stratified by treatment, the racial gap in survival was largest among patients receiving surgery and smallest among patients receiving radiation (Fig. 2) . The hazard ratio (HR) of death from all causes for black patients relative to that for white patients was 1.43 (95% confidence interval [CI] ϭ 1.29 to 1.58) among patients receiving surgery, 1.12 (95% CI ϭ 1.03 to 1.22) among patients receiving radiation therapy, and 1.19 (95% CI ϭ 1.12 to 1.26) among patients treated nonaggressively. The pattern of racial survival disparity was also evident from absolute differences in median survival. The median survival for black patients was 1.7 years (95% CI ϭ 1.6 to 1.9 years) less than that of white patients (Table 2) . Among surgery patients, black patients had a 10.8-year median survival compared with a median survival of 12.6 years among white patients, a difference of 1.8 years (95% CI ϭ 1.5 to 2.0 years). By contrast, differences in median survival between black and white patients were smaller in patients treated with radiation (0.7 years, 95% CI ϭ 0.5 to 1.0 years) and in patients treated nonaggressively (1.0 years, 95% CI ϭ 0.7 to 1.1 years). The survival disadvantage for black patients persisted across strata of age, marital status, SEER site, and era of diagnosis, although the disadvantage was less among the more recently diagnosed patients (Table 3) .
A racial disparity in survival rates was also present for both prostate cancer-specific survival and non-prostate cancer-specific survival ( Table 2 ). The data in Table 3 show that as PSA testing came into wider use, survival rates increased for both black patients and white patients. Racial differences in survival rates after surgery diminished slightly over time, although they persisted throughout the study period (Fig. 3) . (Table 4 ). The adjusted hazard ratio of death in black patients relative to white patients among those who received surgery (HR ϭ 1.23, 95% CI ϭ 1.07 to 1.42) was greater than the adjusted hazard ratios among those who received radiation (HR ϭ 0.87, 95% CI ϭ 0.68 to 1.10) or nonaggressive treatment (HR ϭ 0.99, 95% CI ϭ 0.85 to 1.15) and was the only hazard ratio that was statistically significant.
DISCUSSION
Most studies of racial differences in cancer treatment have focused on survival differences by cancer stage (7, 10, 13) and inequities in the distribution of preventive services (32) or potentially curative treatments (33) . As in our study of localized prostate cancer, other studies have found racial differences in survival after protocol treatment for metastatic prostate cancer (4) but not after surgery for lung cancer, which has a quantitatively less heterogeneous natural history than prostate cancer (33) . In this study, we found that the survival difference between black and white men diagnosed with localized prostate cancer between the ages of 65 and 84 years was greater in those treated surgically than in those treated with radiation therapy or treated nonaggressively. The exaggerated survival disadvantage for black surgery patients was most evident for those diagnosed before PSA screening was available (i.e., in the pre-PSA period, 1986 -1988). This survival disadvantage for black patients was reduced but still present in the period when PSA was available but not widely used (i.e., the early PSA period, 1989 -1991), as well as after PSA screening came into general use (i.e., the recent PSA period, 1992-1996). The racial disparity in prostate cancer overall survival among surgery patients persisted even after statistical adjustment for age, comorbidity score, stage and grade of prostate cancer, SEER site, and race-specific census tract level measures of education and income (proxies for socioeconomic status). The racial disparity in prostate cancer survival and other causes of death was also apparent across strata of cancer treatment and PSA era.
Multiple social, environmental, and biologic factors influencing both patient selection and the effectiveness of prostate cancer treatment may have produced these results. Among patients selected for prostatectomy, black patients may have had worse overall health than white patients, as might be inferred from black patients' higher mortality from causes other than prostate cancer. In general, blacks, along with poorer, less well educated, and older patients, are less likely to be selected for aggressive procedures for the treatment of prostate cancer (3, 34) . Moreover, black patients tend to present with more advanced, less curable prostate cancers (3, 35) , potentially justifying a more aggressive preoperative search for evidence of advanced cancer, which contraindicates surgery. However, the worse outcomes for black surgery patients in this study provide little evidence of disproportionately stringent staging. Although comorbidity differences (in the subset with available data) were small, the greater risk of and worse care for conditions that might develop after detection of prostate cancer could contribute to racial differences in overall mortality.
Our observation of blacks' worse prostate cancer survival may also indicate that their surgery was less technically ade- 
test). ‡Coded using the International Classification of Diseases for Oncology (31).
quate, perhaps because of a greater likelihood of surgery in facilities with low radical prostatectomy volume, which have been shown to be associated with increased intra-operative and 30-day mortality (36 -38) . Similarly, low colorectal surgery volumes have been shown to be associated with high overall mortality from colorectal cancer (39) . However, an interim analysis of a Scandinavian randomized trial (40) found that radical prostatectomy did not improve overall survival compared with observation, suggesting that variation in surgical technique may explain little of the difference in racial outcomes in our study.
Alternatively, if black patients had reduced access to specialized radiation therapy, which is preferred over surgery in patients in whom locally advanced cancer is suspected, black patients with poorer prognoses could have undergone radical prostatectomy as the default option. The result would have been the enrichment of the black surgery group with poorer-prognosis radiation therapy candidates, which would improve outcomes among black radiation therapy patients (thereby decreasing racial differences in outcomes among radiation therapy patients), and worsen outcomes among black surgery patients (thereby increasing racial differences in outcomes among surgery patients).
Another possible explanation for our results is genetic differences between races in response to prostate cancer treatment. Racial differences in the frequency of allelic polymorphisms in drug-metabolizing enzymes have been proposed as explanations for racially disparate outcomes in the treatment of congestive heart failure (41), but no genetic explanations of racial differences in a surgical treatment such as radical prostatectomy have been proposed. Individuals heterozygous for a mutation in the ataxia telangiectasia-mutated (ATM) gene have enhanced responses to radiation therapy for breast cancer and prostate cancer, which could potentially improve prostate cancer control after radiation (and increase radiation-related toxicity), but we are unaware of an increased prevalence of mutations at this gene in black patients (42) (43) (44) .
The racial disparity we observed in overall survival among surgery patients decreased as PSA screening came into wider use. The disparity for patients diagnosed in the recent PSA period is smaller than that for patients diagnosed in the early PSA period, which suggests that the racial gap may be shrinking. However, the power of these subgroup analyses is attenuated by both the shorter follow-up period for more recently diagnosed patients and the longer follow-up required by the substantial lead time that is introduced by PSA screening (45) . If this finding is borne out by longer follow-up, PSA screening may have helped to decrease racial prognostic differences by providing a numerical indicator of cancer prognosis and surgical appropriateness that is less susceptible to bias than the more subjective nonmedical factors that have been postulated to limit aggressive medical treatment for minority patients (46 -49) .
Our study had several limitations. Although we adjusted the analysis for several possible confounders of clinically localized prostate cancer treatment outcomes, information on several po- Fig. 1 . Kaplan-Meier survival curves for clinically localized prostate cancer by race and endpoint. Curves were not adjusted for covariates. Endpoints were overall survival (i.e., all cause), prostate cancer-specific survival, and non-prostate cancer-specific survival (i.e., other). For every mortality endpoint, log-rank PϽ.001 for black/white comparisons. The estimates presented in the table below the graph are default estimates generated by SAS, which, in some instances, may differ slightly from the estimates presented in Table 2 .
tentially important covariates, such as serum PSA value and tumor size, was not available. In addition, we used census tract-level indicators of socioeconomic status because we did not have access to individual-level measures of socioeconomic status; measures of the latter type might minimize misclassification and allow more precise estimates of income and education levels (50, 51) . Confining our analysis to the Medicare population (i.e., patients aged 65 years or older) limits generalizability to younger patients who are increasingly diagnosed through widespread PSA screening. Finally, we were unable to evaluate whether differential use of hormonal treatment, particularly with oral estrogens, for patients whose prostate cancer later recurred may have contributed to the racial disparities seen after treatment.
The assignment of a racial classification encompasses a multitude of social, environmental, dietary, and lifestyle factors that may affect response to specific treatments, none of which can be completely controlled in a statistical model. Our research findings highlight areas in which treatment outcomes differ by race. Whether recent reports of poorer cancer outcomes for black All-cause mortality 9.8 (9.6 to 9.9) 8.1 (7.8 to 8. For men treated with radiation therapy, log-rank P ϭ .0088 for black/ white comparison; for men treated with surgery and men treated nonaggressively, log-rank PϽ.001 for black/ white comparisons. The estimates presented in the table below the graph are default estimates generated by SAS, which, in some instances, may differ slightly from the estimates presented in Table 2 .
patients are due to a health care system that is less responsive to patients of a minority race per se (46) , to adverse socioeconomic factors that are more prevalent among blacks (52, 53) , or to some
as-yet-undefined race-related biologic factors (54) is highly controversial, although these factors need not be mutually exclusive.
Researchers should continue to investigate racial disparities in treatment outcomes as well as the specific social, biologic, or environmental conditions that may be responsible for these disparities. 
